In this work [1], we use several different chiral models, the O(4), the U (2) r × U (2) , the U (3) r × U (3) , and the U (4) r × U (4) linear sigma model, to compute the temperature dependence of meson masses and quark condensates across the chiral phase transition. The meson masses and condensates are self-consistently calculated in the Hartree approximation, which we derived via the CJT formalism [2] . Moreover, we study several distinct patterns of symmetry breaking within the different models.
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We first consider the physically relevant case of explicit symmetry breaking in the presence of the U (1) A anomaly ( Fig.1 ) and compare the results of the different chiral models in order to clarify how they change with the number of quark flavors N f .
Comparing the O(4) model with the U (2) r × U (2) model, one first notices that the degrees of freedom have doubled: in addition to the σ meson and the pions which are already present in the O(4) model, one now has in addition the η meson and the a 0 mesons. This has the consequence that the meson masses grow more rapidly with temperature in the phase where chiral symmetry is restored. The reason for this are the tadpole contributions from the additional degrees of freedom to the meson self-energies, which lead to an increase in the meson masses. This result also applies when adding the strange degree of freedom in the framework of the U (3) r × U (3) model. In fact, this picture holds in general, as long as the masses of the additional degrees of freedom are of the same order of magnitude as the chiral phase transition temperature. On the other hand, adding the heavy charm quark degree of freedom in the framework of the U (4) r ×U (4) model does not significantly influence the results for the masses of the noncharmed mesons and the non-charmed condensates. The reason is that the additional tadpole contributions from the heavy charmed mesons are exponentially suppressed with the meson mass, ∼ exp(−M/T ). Vice versa, also the masses of the charmed mesons do not change appreciably from their vacuum values over the range of temperatures of interest for chiral symmetry restoration, simply because the tadpole contributions from the non-charmed meson are small compared to the large vacuum mass of the charmed mesons. This result is intuitively clear from the physical point of view, but is still non-trivial: first, the equations for the in-medium masses are structurally different for the U (4) r × U (4) model as compared to the U (3) r × U (3) model. Second, the set of coupled equations for the masses and condensates is a nonlinear system of equations, which means that small perturbations could lead to large quantitative changes in the solution.
We then studied the case of explicit chiral symmetry breaking without U (1) A anomaly. The main difference to the previous case is that the region of the chiral transition is narrower and located at a somewhat smaller temperature. O4 mass of (a) Figure 1 : The meson masses as a function of temperature for the different models studied here, for the case with U (1) A anomaly and explicit chiral symmetry breaking.
Finally, we considered the meson masses and quark condensates in the chiral limit. The Hartree approximation correctly predicts the chiral transition to be of first order in the U (2) r × U (2) model without U (1) A anomaly and in the U (3) r × U (3) model. For the O(4) model and the U (2) r × U (2) model with U (1) A anomaly the Hartree approximation incorrectly produces a first order instead of a second order phase transition. The transition temperatures are surprisingly close to the ones obtained in lattice QCD calculations. However, in the case with U (1) A anomaly the transition temperature increases with the number of flavors, while in lattice QCD it decreases. This picture changes in the case without U (1) A anomaly, where the transition temperature shows the same behavior with the number of quark flavors as in lattice QCD. This may indicate that the U (1) A symmetry is, at least partially, restored at and above the chiral phase transition temperature.
